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INTRODUCTION
Calcium is a macromineral that plays important functions in the body of poultry. It is essential for bone formation and maintenance, blood coagulation, muscle contraction, transmission of nervous stimuli, activation of enzymes in several metabolic pathways, among others (Bertechini, 2013) . Approximately 99% of the calcium in the body is in the bones (Sakomura et al., 2014) .
Supplying diets with adequate calcium levels is essential for bone formation to support high growth rates in broilers (Costa et al., 2009) . The amount of dietary calcium required to supply the nutritional requirements of high-performance broilers is 0.920% for 1-to 7-day-broilers, 0.841% for 8-to 21-day-broilers, 0.758% for 22-to 33-day-broilers, and 0.663% for 34-to 42-day-old broilers (Rostagno et al., 2011) .
Feeds based on vegetable ingredients, such as corn and soybean meal, do not contain sufficient calcium levels to supply broiler nutritional requirements during different rearing phases, and therefore, such diets need to be supplemented with calcium supplementation (Brito et al., 2010) . Limestone, containing approximately 37.7% of calcium, is the main calcium source used poultry diets (Rostagno et al., 2011) .
Ashes of the forest biomass, or firewood ash, are solid industrial wastes derived from the combustion of wood and bark to produce thermal energy. It may be employed as a substrate in the production of seedlings because it is rich in minerals, including calcium, which accounts for 25% of that raw material (Moro & Gonçalves, 1995) .
There are several studies in literature on the calcium requirements of broilers during the starter rearing phase (Alves et al., 2002; Araújo et al., 2002; Sá et al., 2004; Santos et al., 2011; Tancharoenrat & (Alves et al., 2002) , calcium citrate-malate (Henry et al., 2002) , and calcitic and dolomitic limestone (Sá et al., 2004) . On the other hand, to the best of our knowledge, no studies on the use of firewood ash as a calcium source for broilers were published. The objective of this study was to evaluate the inclusion of firewood ash as a calcium source in replacement of limestone in the starter diet on the bone development and performance of broilers.
MATERIALSAND METHODS
The experiment was performed at the Poultry Sector of the Institute of Agricultural Sciences of the Federal University of de Minas Gerais, Montes Claros, state of Minas Gerais, Brazil. One hundred and twenty-eight one-day-old straight-run (1 male:1 female) Cobb-500® broilers, with 47.8±3.5 g average body weight, were used. The birds were distributed according to a completely randomized experimental design into four treatments with four replicates of eight broilers each.
Treatments consisted of the dietary inclusion of 0, 0.32, 0.98, or 1.27% firewood ash in replacement of limestone. The experimental diets were formulated to contain equal nutrient and energy levels (Table 1) . Before the experimental diets were manufactured, firewood ash was analyzed for calcium, total phosphorus, and sodium contents, which were determined as 23.8, 0.39, and 0.11% on as-fed basis, respectively.
Broiler chicks were housed in galvanized wire cages (48 cm wide x 96 cm long x 33 cm high), equipped with trough drinkers and feeders. In each cage, chicks were brooded until 14 days old using a 150-watt incandescent lamp. Chicks were vaccinated at the hatchery against Marek's disease and with seven days of age against Newcastle disease and infectious bursal disease. Feed and water were offered ad libitum and 24-h light per day were provided.
Broilers and diets were weighed per cage once a week. On day 21, two broilers per experimental unit were selected and sacrificed by cervical dislocation to remove both right and left tibiae and femora, which thickness and length were measured using a0-150mm digital caliper. Broiler performance (feed intake, body weight, body weight gain, and feed conversion ratio) was evaluated for the periods of 1 to 7, 1 to 14, and 1 to 21 days of age.
Data were verified for the presence of outliers, goodness of fit (Cramér-VonMise test), and variance homogeneity (Brown-Forsythe test), and then submitted to analysis of variance (SAS, 2001 ). Table 2 shows the results of feed intake, body weight, body weight gain, and feed conversion ratio (FCR) for the periods 1 to 7, 1 to 14, and 1 to 21 days of age. The dietary inclusion of firewood ash in replacement of limestone did not affect (p>0.05) broiler performance parameters.
RESULTS AND DISCUSSION
The results of tibial and femoral thickness and length of 21-day-old broilers are presented in Table 3 . The inclusion of firewood ash in replacement of limestone did not affect (p>0.05) the bone development of 21-day-old broilers.
Broilers present fast growth rate during the starter phase. In the present study, broiler body weight increased 3.6-, 2.6-and 1.7-foldduring the periods of 1-1, 7-14, and 14-21 days, respectively. Adequate nutritional levels must be supplied to achieve such high weight gain rates. Skeleton development should follow body weight to obtain the best performance. The diet with total replacement of limestone with firewood ash in current study produced similar performance and bone development as the diet with 100% of limestone as calcium source. This demonstrate the availability of Table1 -Composition of the experimental diets fed during the starter rearing phase (1-to 21-day-old broilers). 
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calcium from firewood ash for broilers, i.e., that their metabolism is capable of absorbing and utilizing it to allow bone development compatible with their growth rates of during the starter phase. Because calcium deposition in the bones is very intense during the grower stage. Calcium body reserves rapidly accumulates during the first phase of life, reaching80% of the total body calcium of mature broilers by the end of the first month of age. Inadequate calcium supplementation during early rearing phases causes an imbalance in mineral homeostasis and inadequate bone development. Consequently, bone calcification is abnormal, resulting in skeletal abnormalities (Muniz et al., 2007) and worse performance. Feed intake and performance reductions may indicate slight calcium deficiencies (McDowell, 1992 ). In the current study, diets with calcium completely derived from limestone or from firewood ash promoted similar bone development and performance, which demonstrates that both calcium sources tested present similar bioavailability.
These results could not be compared with other studies due to the lack of literature on the use of firewood ash as calcium source in animal feeds.
CONCLUSION
Firewood ash may be employed as a calcium source in replacement of limestone in broiler diets fed during the starter phase (1 to 21 days of age), as it promotes similar performance and bone development as limestone. Mean ± standard error of the mean. Prob. = probability of analysis of variance. CV = coefficient of variation. Mean ± standard error of the mean. Prob. = probability of analysis of variance. CV = coefficient of variation.
